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The impurity magneto-optical absorption for the cases of longitudinal 
and transversal light polarization with respect to the quantum wire axis 
has been theoretically studied. Analytical expressions for the correspond-
ing D(-)-centers photo-ionization cross sections under the action of longi-
tudinal magnetic field have been obtained, and their spectral depend-
ences for InSb quantum wires have been investigated. 
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1. Introduction 
 
Magneto-optical properties of quantum wires (QW) attract increasing at-
tention because of a number of interesting effects, which are related to the mag-
netic and dimensional quantizing hybridization [1], can be observed in these 
systems. Another interesting aspect is due to the fact that the magnetic field act-
ing along the QW axis plays the role of a variable parameter, with the help of 
which an effective geometrical size of the system can be changed and, hence, 
optical transition energies can be controlled. This may be important in various 
applications, particularly, in designing photo-detectors with variable sensitivity. 
The intraband magneto-optical absorption for quantum nanostructures 
with parabolic confinement potential has been theoretically studied [2]. In this 
paper, the appearance of the hybridization effect for optical absorption spectra in 
quantum ring with finite width, in QW and quantum cylinder, was demon-
strated. Real quantum wires may contain impurity centers arising due to QW 
production technologies. Also, alloyage additions (impurities) can be made by 
using the δ -alloyage technology [3] in order to change physical properties of 
QW semiconductive structures. In this connection an interest to the problem of  
impurity centers binding energy governed modulation [4] in magnetic field, and, 
correspondingly, to the problem of low-dimensional alloyage-structures optical 
properties control, arises. 
In this paper, we make a theoretical study of the magneto-optical impu-
rity absorption in QW semiconductive structures, within the framework of the 
parabolic confinement potential model treated by zero-range potential method. 
 3
2. The D(-) -center energy spectrum in longitudinal mag-
netic field 
 
 Let us consider the positional disorder effect for semiconductive quan-
tum wire (QW) with the parabolic confinement potential in longitudinal mag-
netic field. We will suppose, that the shape of QW is represented by the round 
cylinder with the radius L  considerably smaller than its length zL  ( zLL << ). 
To describe QW one-electron states, we will use the symmetric confinement po-
tential, 
22
01 2
)( ρω=ρ
∗m
V ,    (1) 
where L≤ρ , ( z,,ϕρ ) are cylindrical coordinates, ∗m  is the electron effective 
mass, 0ω  is the characteristic frequency of the QW confinement potential. 
 The external magnetic field is directed along the QW axis,   
( )BB ,0,0=r . The vector-potential ( )rA rr  can be chosen in the symmetric 
gauge, 
[ ]rBA rrr ,
2
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= ,     (2) 
that is,  ( )0,2/,2/ BxByA −=r . 
 For unperturbed one-electron states in longitudinal magnetic field, the 
Hamiltonian of the chosen model in the cylindrical system of reference can be 
written as  
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where ∗=ω mBeB / is cyclotron frequency, å  is the electron charge, 
and ( )( ) 222 /2/ zmH z ∂∂−= ∗h . 
 Eigenvalues and eigenfunctions of the Hamiltonian (3) are found as [5] 
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where ...,2,1,0=n  is the quantum number corresponding to Landau levels, 
...,2,1,0 ±±=m  is magnetic quantum number, k  is the electron quasi-
momentum projection to the z-axis, ( )( )44221 4/12/ Baaaa += , 
( )0/ ω= ∗ma h , ( )BB ma ω= ∗/h  is magnetic length, and ( )xLcn  is 
Laguerre polynomial [6]. 
 It should be noted that in the used model the QW potential amplitude 
0U is an empirical parameter and, hence, the expressions (4) and (5) are ful-
filled if 
 
( ) ( ) 1/4/1 02020 >>ωωω+ hBU ,    (6) 
 
where 2/2200 LmU ω=
∗ . 
 We suppose that the impurity center (IC, or D(-)-center) is positioned at 
the point ( )aaaa zR ,,ϕρ=r , where aaa z,,ϕρ  are the D(-)-center cylindrical 
coordinates. The impurity potential has been described in terms of the zero-
range potential with the intensity γ ,  ( )∗αpi=γ m/2 2h . This potential is of the 
following form: 
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where α  can be determined by the binding energy iE  at the same IC in mas-
sive semiconductor; ( )xδ  is Dirac delta-function. 
 It is known [7] that such a model can be used to describe the D(–)-states 
corresponding to the additional electron joining to small donor. In the effective 
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mass approximation, the wave-function, 
( )( )aaaQWB zz ,,;,, ϕρϕρΨλ , of the elec-
tron localized on short-range IC potential, satisfies the Schroedinger equation, 
 ( ) ( ) ( ) ( ) ( ) ( )aaaQWBaaaaaaQWBB zzzzVzzHE ,,;,,,,;,,,,;,,1 ϕρϕρϕρϕρϕρϕρ λδλλ Ψ=Ψ− ,  (8) 
 
where ( )∗λ λ−= mE BB 2/221 h  are eigenvalues of the Hamiltonian 
( )aaaB zzVHH ,,;,, ϕρϕρδδ += . The subscript B indicates dependence on the 
magnetic field induction B. The one-electron Green-function for Schroedinger 
equation (8), which corresponds to the source at the point ( )1111 ,, zr ϕρ=r  and 
energy 
B
E λ1 , can be written as 
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 The Lippman-Schwinger equation for the QW with parabolic potential 
profile D(–)-state in longitudinal magnetic field can be represented as 
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Substituting (7) into (10), we obtain 
 
( )( ) ( )×ϕρϕργ=ϕρϕρΨ λλ BaaaaaaQWB EzzGzz 1;,,,,,,,;,,  
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where 
 
( )( )( )≡Ψ aaaaaaQWB zzT ,,;,,1 ϕρϕρλ  
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The action of the operator 1T  to both sides of (11) gives us the equation which 
determines the D(–)-center binding state energy 
B
E λ1  dependence on QW pa-
rameters, impurity positions ( )aaaa zR ,,ϕρ=r  and magnetic field B value: 
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 Using the one-particle wave-functions (5) and energies (4) in the Green 
function (11) we have 
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Let us consider the case when impurity level is positioned lower than the 
QW potential bottom( )01 <BE λ . We will rewrite the Green-function (14) in 
terms of the effective Bohr radius units ( ( )220 /4 emad ∗εpiε= h  is the effec-
tive Bohr radius, where 0ε  is dielectric constant, ε  is the static relative dielec-
tric permeability of QW semiconductive material), and the effective Bohr en-
ergy units, ( ( )22 2/ dd amE ∗= h  is the effective Bohr energy). 
Calculation of the series sum over quantum number n  in Eq. (14) can be 
made with help of the Hille-Hardi formula for bilinear generating function [8], 
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Here, ( )uI α  is the modified Bessel function of the first kind and ( )sΓ  is Euler 
gamma-function. 
Then, the Green-function (14) can be rewritten as 
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Substituting (16) into (13), we obtain the following equation which determines 
the binding state energy 
B
E λ1  dependence ( )01 <λBE  on D(–)-center position 
( )aaaa zR ,,ϕρ=r , QW parameters and magnetic field induction B  [9], 
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where 
421
−∗β+= aw , dii EE /2 =η  is the parameter which characterizes 
the binding state energy iE  for the same impurity center in massive semicon-
ductor, and  daa a/ρ=ρ∗ . 
Let us consider the case when impurity level 
B
E λ1  is positioned be-
tween the two-dimensional oscillator potential well bottom (this potential well 
describes the QW potential), and the electron ground state energy level 
( )20200,0,0 4/1 ωω+ω= BE h  in QW: ( ) 02/221 >λ′= ∗λ mE BB h ; and the pa-
rameter 2221 dBB aλ′=η′  can be introduced. Replacing 2Bλ  by 2Bλ′−  , or 21Bη  by 
2
1Bη′−  leads to transition from the case 01 <λBE  to the case 01 >λBE . Hence, 
the transcendental equation, which determines the D(-)-center binding energy 
B
E λ1  dependence ( )01 >λBE  on QW parameters, impurity polar radius aρ  , 
and magnetic field induction B  value, becomes [9] 
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 Because of the quantum dimensional effect the D(-)-center binding en-
ergy 
( )QW
B
Eλ  for QW in longitudinal magnetic field should be determined as [10] 
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or, in atomic units, 
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where 0,0,0E  is determined due to Eq. (4). 
 The two possible cases in Eq. (19) correspond to impurity level position 
lower ( 01 <λBE ) and higher ( 01 >λBE ) than the QW bottom. Fig. 1 repre-
sents the results of numerical analysis of Eq. (18) for semiconductive QW D(−)- 
states (based on InSb); the effective mass of electron in InSb and the static rela-
tive dielectric permeability are: 00133.0 mm =
∗
(where 0m  is the electron rest 
mass), and 18=ε , correspondingly; and the effective Bohr energy is 
45.5 10dE eV
−
≈ × . As one can see from Fig. 1, in both the cases 01 >λBE  
and 01 <λBE  (curves 1 and 2, respectively) the binding energy of D
(−)-center is 
a decreasing function of the radial coordinate aρ , that is related with the dimen-
sional quantizing. The D(−)-center binding energy 
( )QW
B
Eλ  considerably increases 
in the presence of magnetic field (see curves 3 and 4 of Fig. 1). In the case 
01 <λBE  , the binding energy increases (as one can see by comparing curves 2 
and 4) by more than 0.02 eV  for D(−)-centers, which are placed on the QW-
axis. Thus, existence conditions for a bound state in longitudinal magnetic field 
becomes less restrictive (as one can see by comparing curves 1 and 3, 2 and 4 of 
Fig. 1). We conclude that the magnetic field stabilizes the QW D(−)-states.  
The possibility to control D(−)-centers ionization energy by the magnetic 
field allows one to change the charge carriers concentration in rather wide range 
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because of exponential dependence of the distribution function on the energy 
near the QW Fermi level. The wave-function of electron which is localized on 
the D(−)-center short-range potential in QW with parabolic potential profile in 
longitudinal magnetic field, as one can see from Eq. (11), differs only by a fac-
tor from the one-electron Green-function. The Green-function (16) is then writ-
ten as 
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so that the binding state wave-function is obtained as follows: 
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where ( )( ) ( )( )aQWBaQWB zzzz ,0,0;,,;,, ϕρΨ≡ϕρΨ λλ . 
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Fig. 1. The D(−)-center binding energy 
( )QW
B
Eλ  dependence, (for QW 
based on InSb), from polar IC-radius daa a/ρ=ρ∗  for different values 
of magnetic induction B ; (curves 1 and 3 correspond to the case 
01 >λBE , curves 2 and 4 correspond to the case 01 <λBE ; the energy 
levels positions in the QW ground state for 0B T=  and 12B T=  are 
depicted by curves 5 and 6, respectively; L = 35.8 nm, U0 = 0.2 eV): 1 – 
35 10iE eV
−
= × , 0B T= ; 2 – 23. 5 10iE eV
−
= × , 
0B T= ; 3 – 35 10iE eV
−
= × , 12B T= ; 4 – 
23. 5 10iE eV
−
= × , 12B T= . 
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3. D(-) -centers photo-ionization section in longitudinal 
magnetic field 
 
 Let us consider the light impurity absorption for QW with parabolic po-
tential profile in longitudinal magnetic field (along the QW-axis): kB
rr ↑↑ , Br  
is the magnetic induction vector, and k
r
 is the z-axis unit vector. It is supposed 
that impurity center is localized at the point ( )0,0,0=aRr  and the D(-) –center 
binding state energy level 
B
E λ1  is lower than the QW potential bottom, ( )01 <λ BE . In accordance with Eq. (24), the wave-function for the QW D(-) –
center binding state in longitudinal magnetic field is chosen as follows: 
( )( ) ×







+
ηβζβpi=ϕρΨ
−
−−
−
λ
2
1
2
14
5
2
3
4
3
14
1
2
1
2
,
2
3
20;,,
w
waz Bd
QW
B  
( ) [ ]( )∫
∞
×−−






β++βη−×
+
−
0
1
2
2
2
1 2exp14
exp
1
tw
ta
z
tw
t d
B  
[ ]( )
[ ]( ) dttw
tw
a
w
d



−−
−+
β
ρ
−×
2exp1
2exp1
4
exp
2
2
.  (25) 
Since we consider the impurity electron strong localization case, 
12 1 >>λ aB ,    (26) 
where 21
2 /2 h
BB
Em λ
∗
≡λ , the finite state wave-function can be chosen in the 
form (5). 
 The effective Hamiltonian BH int  for interaction with the light wave field 
in the longitudinal magnetic field (along the QW-axis) can be written as 
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where 00 / EE ffe=λ  is the local field coefficient, which accounts for the op-
tical transition amplitude increase because of the fact that the D(-) –center effec-
tive local field ffeE  exceeds the mean macroscopic field 0E  in crystal; 
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( )ce hεεpi=α ∗ 02 4/  is the fine structure constant with account for the 
static relative dielectric permeability ε ; c  is the light speed in vacuum; 0I  is 
the light intensity; ω  is the frequency for absorbed radiation with the wave-
vector q
r
 and the polarization unit vector λe
r
; rr∇  is the Hamiltonian operator; 
e  is the charge of electron; B  is the magnetic field induction absolute value. 
 For case of absorption for the longitudinal polarization light (in relation 
to the QW-axis), ( )1,0,0=λ ser , the effective Hamiltonian (27) is of the form 
( ) ( )( )rssBs erqiI
m
iH r
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αpiλ exp2 02
2
0int , (28) 
where the superscript s denotes the electromagnetic wave longitudinal polariza-
tion. 
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to the QW quasi-discrete spectrum states ( )zkmn ,,,, ϕρΨ  in magnetic field for 
the longitudinal light polarization seλ
r
 case, are written as 
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With the account for the charge carriers energetic spectrum expression (4) and 
the finite state wave-function ( )zkmn ,,,, ϕρΨ , Eq. (5), as well as the IC binding 
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

+
×
+ +
−
+−∗
0
2
0
12
1
222
2
1
12
!
! m
Bd ddzdakmnwammn
n
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( ) ( ) ××−ϕ−



β
ρ


β
ρ
−× zzkimi
a
w
L
a
w
d
m
n
d
expexp
24
exp
2
2
2
2
 
( )[ ] [ ]( )∫
∞
×−−


β−+βη−×
+
−
0
1
2
2
2
1 2exp14
expexp
1
tw
ta
z
tw
t
dt
d
B  
[ ]( )
[ ]( )


−−
−+
β
ρ
−×
tw
tw
a
w
d 2exp1
2exp1
4
exp
2
2
. (30) 
When calculating the matrix elements 
( )
B
s
fM λ, for the considered optical transi-
tions, the following integrals were used [11]: 
( )∫ 

=
≠
=−
pi
pi
ϕϕ
2
0 ,0,2
,0,0
exp
m
m
dim   
 (31) 
[ ]( )∫
∞
=ρ



β
ρ


−−β
ρ
−ρ
+
0
2
2
2
2
22exp12
exp d
a
w
L
twa
w
d
n
d
 
[ ]( ) [ ]twntw
w
ad 2exp2exp1
2
−−−
β
= .  (32) 
Integration over z  coordinate leads to the following expression [11]: 
[ ]tkatkaidzzki
ta
z
z dd
d
222
3
32
3
2
2
exp4
4
exp β−βpi−=


−β−
∞
∞
∫+
−
. (33) 
As one can see from (31), the selection rule for the magnetic quantum number 
m  allow optical transitions from impurity level only to the QW states with 
0=m . Hence, taking into account of Eqs. (33), (31) and (32), for the matrix 
elements (30) we obtain 
 
( )
( )( )wnka
k
w
aEw
I
M
dB
B
ddB
s
f 122
1
2
,
2
3
2
222
1
2
1
2
12
5
4
3
4
1
0
0
4
11
,
++β+βη







+
βηζβ
ω
αλ=
−
∗
λ . 
(34) 
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 The photo-ionization section ( )( )ωσ sB  for the impurity center, which is 
localized at the point ( )0,0,0=aRr , in the longitudinal polarization seλr  light 
absorption case, is determined as 
( )( ) ( ) ( )∫ ∑∞
∞
ω−+δpi=ωσ
+
−
λλ
n
BknB
s
f
s
B EEMdkI
h
h
1,0,
2
,
0
2
.          (35) 
The integral in Eq. (35) requires to find roots ( ) ( )2,1k  of the argument of the 
Dirac delta-function which satisfies the energy conservation law for electron op-
tical transitions from IC binding state to the QW-states as result of photon 
absorption with ωh  energy: 
( ) 012 21221 =−η+++β− Xaknw Bd ,  (36) 
where dEX /ω= h  is photon energy in the effective Bohr energy dE  units. 
The roots ( ) ( )2,1k  for Eq. (36) are: 
( ) ( ) ( )1212112,1 +β−η−±= −− nwXak Bd . 
  (37) 
Using Eqs. (34) and (37), the photo-ionization section ( )( )ωσ sB  expression (35) 
can be written as 
( )( ) ×







+
βηζβσ=ωσ −
−
−
3
1
2
12
3
2
3
0 2
1
2
,
2
3
X
w
w BsB  
( )( ) ( )1212 121121
0
+β−η−+β−η−θ× −−
=
∑ nwXnwX BBN
n
, (38) 
 
where 220
2/13
0 2 daλpiα=σ ∗ ; [ ]2CN =  is the integer part of the number ( ) ( ) 2/12/212 −η−β= wXC B ; ( )xθ  is the Heaviside unit-step function [12], 
( )


<
≥
=
.0,0
,0,1
x
x
xθ     (39) 
The photon cutoff energy 
)(s
BthX  (in the Bohr units) for the light impurity absorp-
tion case with longitudinal polarization (in relation to QW-axis) seλ
r
, can be 
found due to the equation 
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( ) wX B
s
Bth
12
1
−β+η= ,   (40) 
where ( ) ( ) d
s
Bth
s
Bth EX /ω= h , 
( )s
Bthωh  is the photon cutoff energy in usual units. 
Fig. 2 shows the photo-ionization section spectral dependence ( )( )ωσ sB  for im-
purity center with ( )0,0,0=aRr  in the light longitudinal polarization case for 
QW, (which based on InSb). As one can see from Fig. 2, the photo-ionization 
section is characterized by a non-monotonic spectral dependence, which is asso-
ciated to the double quantization. Besides, the oscillations period equals Ωh , 
( 2204 Bω+ω=Ω ), i.e. it is determined by the hybrid frequency Ω . A com-
parison of the curves 1 and 2 shows that the impurity absorption band edge in 
magnetic field is shifted to the short-wave spectrum region. 
Fig. 3 represents the cutoff energy ( )s Bthωh  dependence for the longitudi-
nal polarization photon in the light impurity absorption case (for QW based on 
InSb) upon the magnetic induction value B. As it follows from Fig. 3, the impu-
rity absorption band edge monotonously increases with the increase of the mag-
netic field, and its shift at magnetic field induction value B = 12 T  is bigger 
than 0.02 eV. 
 Let us consider light absorption by IC ( )( )0,0,0=aRr  in QW with para-
bolic potential profile in longitudinal magnetic field in the case when the photon 
wave-vector q
r
 is directed along the QW-axis (the polarization vector λe
r
 is per-
pendicular to Oz-axis). In accordance with Eq. (27), the effective Hamiltonian 
( )
B
tH int  of interaction with the light wave field, for the transversal polarization 
teλ
r
 case (in relation to QW-axis) in longitudinal magnetic field, can be written 
as 
 
( ) ( ) ( ) [ ]  −∇−= ∗
∗
zt
rttB
t re
Bei
erqiI
m
iH
rr
h
rrrh
h r ,
2
exp
2
02
2
0int λλ
ω
αpiλ , (41) 
 
where ( )zt qq ,0,0=r  is the photon wave-vector and zq  is the wave-vector pro-
jection tq
r
 to the z-axis. 
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Fig. 2. The D(−)- center photo-ionization section ( )( )ωσ sB  spectral de-
pendence for QW based on InSb (in the light longitudinal polarization 
case, ( )0,0,0=aRr , 25.5 10iE eV−= × , L=53.7 nm, U0=0.3 eV): curve 
1 : 0B T= ; curve 2 : 10B T= . 
0.1 0.15 0.2 0.25 0.3 0.35 0 
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1.5 . 10 14 
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Let us represent Eq. (41) in the cylindrical frame of coordinates, 
( ) ( )×−=
∗
∗
zqiI
m
iH zB
t exp
2
02
2
0int
ω
αpiλ hh  
( ) ( ) ( )



θ−ϕρ−
ϕ∂
∂ϕ−θ
ρ
+
ρ∂
∂ϕ−θ× sin
2
sin
1
cos
h
Bei , (42) 
where θ  is polar angle of the transversal polarization unit vector teλ
r
 in the cy-
lindrical frame. In the dipole approximation the electron-photon interaction ma-
trix elements 
( )
B
t
fM λ, , which determine electron transitions from D
(–) – center 
ground state to QW – states as the result of the absorption of photon with polari-
zation teλ
r
, can be written as 
 
( ) ( ) ( ) ( )( ) =ΨΨ= ∗ 0;,,,, int,,, zHzM QWBBtkmnBtf ϕρϕρ λλ  
( )∫ ∫ ∫∞
∞
∞
×Ψ−=
+
−
+
∗
∗
∗ pi
ϕρϕρρ
ω
αpiλ
2
0 0
,,2
0
2
0 ,,
2
zdzdd
m
I
i kmn
h
h  
( ) ( ) ( ) ( )( )0;,,sin
2
sin
1
cos z
Bei QW
B
ϕρθϕρ
ϕ
ϕθ
ρρ
ϕθ λΨ


−−∂
∂
−+∂
∂
−×
h
.(43) 
Using the one-electron states in longitudinal magnetic field (5) and wave-
function (25) for the IC binding state in QW, the matrix elements 
( )
B
t
fM λ,  can be 
evaluated as follows: 
( ) ( ) ×



+







+
βηζβ
ω
αλpi=
−
+−−−−
∗
−−−
λ
2
1
2
1
2
14
7
24
5
22
1
0
0
2
3
24
1
, !
!
2
1
2
,
2
3
2
mn
n
w
waE
I
iM B
mm
m
dd
m
B
t
f
 
( )[ ] [ ]( )∫
∞
×−−+βη−×
+
−
0
12
1 2exp1exp
1
twtw
t
dt B  
[ ]( ) ×
∞




β
ρ


−−β
ρ
−ρρ× ∫
+
+
0
2
2
2
2
2
22exp12
exp
d
m
n
d
m
a
w
L
twa
w
d  
( ) ( ) ×

βϕ−θϕ−
∞
∞



β−−× ∫∫
pi+
−
2
0
22
2
cosexp
4
exp
dd a
w
im
ta
z
ikzdz  
[ ]( )
[ ]( ) ( ) ϕ

θ−ϕ+
−−
−+
× d
a
i
tw
tw
B
sin
2exp1
2exp1
2
,  (44) 
where Ba  – is the magnetic length. 
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Fig. 3. The photon cutoff energy ( )s Bthωh  dependence, for the longitudinal 
polarization light impurity absorption case in QW based on InSb 
( ( )0,0,0=aRr , 25.5 10iE eV−= × , L=53.7 nm, U0=0.3 eV), on the mag-
netic induction B. 
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 Estimation of the matrix elements (44) leads to calculation of the integral 
[11], which determines the magnetic quantum number m  selection rule, 
 
( ) ( ) [ ]( )[ ]( ) ( ) =ϕ



θ−ϕ+
−−
−+
βϕ−θϕ−∫
pi
d
a
i
tw
tw
a
w
im
Bd
2
0
22
sin
2exp1
2exp1
cosexp  
( ) [ ]( )[ ]( ) 



+
−−
−+
βδθpi= ± 221, 2exp1
2exp1
exp
Bd
m a
m
tw
tw
a
w
im .  (45) 
 
Here 1, ±δm   is the Kronecker symbol, 
 


±≠
±=
=± ,1,0
,1,1
1, m
m
mδ     (46) 
 
with the sign «–» in the exponent index ( )θimexp  corresponds to 1+=m , and 
the sign «+» to 1−=m , correspondingly. One can see from Eqs. (45) and (46) 
that  the optical transitions from impurity level can occur only to QW-states with 
the quantum number 1±=m . Evaluation of Eq. (44) requires the integral [11] 
 
[ ]tkatadzzki
ta
z
dd
d
22
2
2
exp2
4
exp β−βpi=


−β−
∞
∞
∫+
−
 (47) 
 
and the estimation, with account for the magnetic quantum number selection 
rule [11], 
 
[ ]( ) =ρ
∞




β
ρ


−−β
ρ
−ρ∫
+
d
a
w
L
twa
w
d
n
d0
2
2
1
2
2
3
22exp12
exp  
( ) [ ]( ) [ ]twntwn
w
ad 2exp2exp11
2 2
2
42
−−−+
β
= .  (48) 
 
Using Eqs. (45), (46), (47) and (48) for matrix elements 
( )
B
t
fM λ,  we finally ob-
tain 
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( ) ( ) ( ) ×+








+
βηζβ
ω
αδθλ=
−
−
∗
±λ 2
12
1
2
14
5
4
1
2
3
0
1,0
4
9
, 12
1
2
,
2
3
exp2 n
w
waE
I
iiM BddmB
t
f m  
 
( )( )
( )( ) ( )( )22212221
2222
1
3212
22
kawnkawn
kaamwn
dBdB
dB
β+++ηββ+++ηβ
β+β+++βη
×
−∗
.  (49) 
 
The photo-ionization section ( )( )ωσ tB  for IC, which is placed at the point 
)0,0,0(=aR
r
, for the photons (with wave-vector tq
r
 and polarization vector 
teλ
r
) absorption case, can be calculated due to the following formula: 
 
( )( ) ( ) ( )∫ ∑ ∑∞
∞ =
ω−+δpi=ωσ
+
−
−
λλ
n m
BkmnB
t
f
t
B EEMdkI
1
1
1,,
2
,
0
2
h
h
. (50) 
 
Roots of the argument of δ- function are found from 
 
( ) 012 212212 =−η++++β+ −−∗ Xakmnwam Bd , (51) 
 
where 1±=m . The roots are 
 
( ) ( ) ( )12122112,1 ++β−−η−±= −−∗−∗ mnwamXak Bd . (52) 
 
Using Eqs. (49) and (52), we write the photo-ionization section,  
 
( )( ) ×







+
βηζβ×σ=ωσ
−
− X
w
w BtB
1
2
12
5
2
3
1
0 2
1
2
,
2
3
2  
( ) ( )( )×++β−−η−θ
= =
δ+× −−∗
−
±∑ ∑ 121 1221
/
0
1
1
1, mnwamXn B
N
n m
m  
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( )( ) ×++β−−η−× −−−∗ 211221 12 mnwamX B  
( )( ) ( )( )[ ] 2222 111 −−∗−∗ −−−+−β× amXamX , (53) 
 
where 220
2/13
0 2 daλpiα=σ ∗ ; [ ]3/ CN =  is an integer part of the number  
 ( ) ( ) 12/2213 −+η−β= −∗ waXC B , 
 
( )xθ  is the Heaviside unit-step function (39). 
 The photon cutoff energy ( ) ( ) d
t
Bth
t
Bth EX /ω= h  (in Bohr units) for case of 
the light impurity absorption with transversal (in relation to QW-axis) polariza-
tion teλ
r
, is determined by the relation, 
 
( ) 212
1 2
−∗−
−β+η= awX Bt Bth ,   (54) 
 
where ( )t Bthωh  is the photon cutoff energy in usual units. 
 
 Fig. 4 shows the spectral dependence for IC photo-ionization section 
( )( )ωσ tB  with ( )0,0,0=aRr  in the light transversal polarization case for QW 
based on InSb. As one can see from Fig. 4, the spectrum for the transversal po-
larization light magneto-optical impurity absorption is a series of resonance 
peaks with a doublet structure. The distance between the resonance doublet 
peaks equals to Bωh , i.e., it is determined by the cyclotron frequency Bω . 
Doublets are positioned periodically at absorption curve with the period Ωh . 
Resonant frequencies are determined by the general formula,  
 
( ) 2/122//1 ++Ω+ω+=ω λ mnmE BBres h  , 
 
and essentially depend on the impurity level position depth and upon the mag-
netic field intensity. 
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Fig. 4. The D(−)–center photo-ionization section ( )( )ωσ tB  spectral de-
pendence in QW based on InSb, (for the light transversal polarization 
case, ( )0,0,0=aRr , 25.5 10iE eV−= × ,  L=53.7 nm,  U0=0.3 eV); 
curve 1: 0B T= ; curve 2: 10B T= . 
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Fig. 5. The photon cutoff energy ( )t Bthωh  dependence, for the light (with 
transversal polarization) impurity absorption case in QW based on InSb 
( ( )0,0,0=aRr , 25.5 10iE eV−= × , L=53.7 nm, U0 = 0.3 eV), on the  
magnetic induction value B . 
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 In Fig. 5 we represent the photon cutoff energy ( )t Bthωh  dependence, for 
the case of the light (transversal polarization) impurity absorption in InSb QW, 
on the magnetic induction intensity B. One can see that the displayed depend-
ence is of a non-monotonic character with pronounced minimum. 
 
 
 
4. Conclusions 
 
 In the present paper, the local impurity states for semiconductive QW 
with parabolic confinement potential in longitudinal magnetic field have been 
theoretically studied. Within the framework of the zero-range potential model 
and the effective mass approximation, the bound states problem for QW  with 
D(-)–center” in magnetic field has been treated analytically, with exact results 
being obtained. It has been shown that the influence of magnetic field leads to 
appreciable variation of positions of the impurity levels and to a stabilization of 
the bound states in QW. It has been found that the spectrum for the transversal 
polarization light magneto-optical impurity absorption is a series of the reso-
nance peaks with a doublet structure. It was also found that the doublet peaks 
are placed one from the other at the distance which is determined by cyclotron 
frequency; and doublets are positioned periodically with period equal to the hy-
brid frequency. 
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